We employed azobenzene based non-nucleoside triphosphate, AzoTP, in myosin-actin motile system 3 and demonstrated its efficiency as an energy molecule to drive and photo-regulate the myosin-actin 4 motile function at macroscopic level along with in-vitro motility assay. AzoTP in its trans state 5 induced the shortening of glycerinated muscle fibre whilst cis isomer had no significant effect. Direct 6 photoirradiation of cis-AzoTP infused muscle fibre induced the shortening triggered by locally 7 photo-generated trans-AzoTP in the muscle fibre. Furthermore we designed and synthesized three 8 new derivatives of AzoTPs that served as substrates for myosin by driving and photo-regulating the 9 myosin-actin motile function at molecular as well as macroscopic level with varied efficiency.
an energy molecule and for exploring the possibility of a further efficient azobenzene based 23 photochromic non-nucleoside triphosphate. The reversible photoisomerization of these AzoTPs was confirmed by consecutive irradiation with 5 365 nm UV light and 436 nm visible light ( Fig.S1 ). At UV photo stationary state (PSS) the AzoTPs 6 attain their cis-rich state which is reversed at visible PSS resulting in thermodynamically stable 7 trans-rich state. Our previous study of 4a in kinesin-microtuble motile system suggested that trans 8 isomer of 4a was an efficient energy molecule that triggered the faster velocity of microtubules by 9 driving kinesin motor whereas the cis isomer was inefficient to drive kinesin. Table 1 shows the ratio 10 of cis:trans isomers of 4a, 4b, 4c and 4d at PSS induced by 365 nm and 436 nm light irradiation, 11 determined by H 1 NMR (Fig.S2 ). The thermal isomerization from cis to trans was evaluated by 12 observing the changes in absorption spectra when kept in dark at room temperature. About 2% of 13 trans isomer was recovered after 3h dismissing the possibility of thermal-back reactions during our 14 experiments.
15
Reversible photo-control of in-vitro motility of myosin-actin motile system: The change in velocity between the two photoisomerized states of AzoTP molecules is 54%, 79%, 1 81%, 80% for 4a, 4b, 4c, 4d respectively at saturated concentrations. However, at 0.1mM 2 concentration the magnitude of switching is higher for all AzoTPs as the difference in velocity is 3 about 87 -90%. The gliding velocities fuelled by AzoTPs in their trans state (black solid circles) and 4 cis-rich state (blue solid circles) with respect to the range of concentrations are shown in Fig.4 . Concentration dependent velocity of actin filaments obeys the Michaelis-Menten equation and the 1 obtained apparent K m (K app ) values indicate that the apparent binding affinity of AzoTP for myosin 2 (1/ K app = 9.9 mM -1 ) is twenty five times higher than that for kinesin motor (1/ K app = 0.4 mM -1 ) (as 3 obtained in our previous work). The maximum gliding velocity (V max ) of F-actin induced by 4a, 4b, 4 4c and 4d are 1.5 µm/s, 1.9 µm/s, 1.7 µm/s and 1.0 µm/s respectively, which are 53%, 68%, 59% 5 and 35% of that of ATP (V max = 2.9 µm/s) at saturated concentration. Our previous report on AzoTP 6 explained that the microtubule velocity driven by cis-rich state of AzoTP is due to the remaining 7 trans at cis-rich PSS, which corresponded to 8%. In our current study too we plotted a theoretical 8 curve corresponding to remaining trans of all the four AzoTP molecules at their respective cis-rich 9 PSS to validate this explanation. Fig.4 red line: theoretical curve derived from the black line for remaining trans in the cis-rich state.) Error bars: standard 1 deviations for 10 actin filaments.
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Although the K app of 4a and 4b is almost threefold less than 4c, the V max of these three AzoTPs is 3 comparable, since all three K app were in submillimolar range. However, 4d has considerably lower 4 V max , though its K app is in the same range as that of 4a, 4b and 4c. These results imply that the 5 substrates 4b and 4a bind to the myosin motor with higher affinity than that of 4c and 4d. Structural 6 studies of chicken skeletal myosin subfragment 1 revealed that the nucleotide binding pocket is 7 formed by the residues from the N-terminal, central, and C-terminal sections of myosin motor head 8 domain. 27, 28 The adenine binding pocket is formed by amino acid residues Phe 129 -Tyr 135 and Glu 187 -9 Lys 191 contributed by the N-terminal segment as seen in the X-ray structural studies of Dictyostelium 10 discoideum myosin II complex (S1dC.MgADP.BeF x ). 29 Despite the presence of several water 11 molecules with the potentiality for hydrogen bonding, very few specific interactions were seen group elicits the lower binding affinity (1/K app = 5.7 mM -1 ) in 4d than 4a and 4b. Although there is 28 carbonyl oxygen in 4c with the potentiality for hydrogen bond formation, yet the binding affinity 29 (1/K app = 3.7 mM -1 ) is almost three fold lower than 4a and 4b. We assume this weaker binding well established that the isomerization of azobenzene from trans to cis changes the geometry from 34 flat to bent or round shape resulting in bulkiness. We surmise that the inability of cis isomer to bind 35 in the nucleotide binding pocket could be ascribed to its bulkiness. In addition the adenine binding 1 site is relatively hydrophobic 32,33 thus the hydrophilic cis isomer isn't favoured.
2 Photo induced regulation of macroscopic motile system of myosin motor: 3 As an approach to probe the efficiency of AzoTPs at macroscopic level to drive and control the 4 motile functions, we conducted the simple glycerinated muscle fibre shortening experiments where 5 the extent of shortening was assessed by unaided eye. The fibres used were of ~ 0.5 mm thickness 6 and 7-8 mm in length. First we tested our parent AzoTP molecule 4a for macroscopic studies. 4a in 7 its trans state induced the shortening of muscle fibre accounting for 40 -45% shortening of muscle 8 fibre's initial length. Pre-generated cis isomer of 4a didn't induce any significant shortening, thus 9 affirming the poor activity of 4a in its cis-form as evidenced in our molecular in-vitro motility 10 experiments ( Fig.5a , ESI-Mv02). When the cis isomer infused muscle fibre was irradiated with 510 11 nm light for 10 s, remarkable shortening of about 40% of its initial length was observed, thus 12 confirming the efficiency of 4a to drive and photocontrol the myosin motor function in the 13 macroscopic system ( Fig.5b , ESI-Mv04). To corroborate that the shortening was resulted by the 14 photoisomerization of 4a and not by the thermal energy of illumination, we irradiated the muscle 15 fibre infused in buffer solution without 4a at 510 nm, which exhibited no shortening (ESI-Mv03). 4d. Experiments involving the 4a concentration dependent shortening rate showed that there is no 5 significant change in muscle length below 0.5 mM of trans-4a (Fig. S3 ). This explains the no Unlike the molecular in-vitro motility system, the glycerinated muscle fibre system involves the 1c was synthesized via three steps via 5 and 6 (scheme 2). General synthetic procedure for phosphorylation (step 2):
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A) Monophosphate formation: 1H-Tetrazole (3 eq.) was added to a solution of 1a-d (1 eq.) and di-34 tert-butyl N,N-diisopropylphosphoramidite (1.3 eq.) in dry THF. This reaction mixture was stirred for 6 h at room temperature. A solution of mCPBA (65%, 1.7 eq.) in dry CH 2 Cl 2 was added and 1 stirred for 1h in an ice bath followed by stirring at room temperature for 25 min. Saturated aqueous 2 NaHCO 3 was added and the mixture was stirred further for 40 min. The reaction mixture was 3 extracted in an organic (EtOAc) and aqueous solution (NaCl). The organic phase separated, dried 4 over MgSO 4 and concentrated in a rotary evaporator, passed through column chromatography to 5 obtain the purified tert-butyl protected monophosphates 2a-d. Trifluoroacetic acid (16 eq.) was 6 added to the solution of this protected monophosphate (1 eq.) in dry CH 2 Cl 2 and stirred for 6 h at residue of product was converted into its sodium salt using 1M NaI in acetone and freeze dried. Hz, 2H), 3.48 (t, J = 6.9 Hz, 2H). 13 
